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INTRODUCTION 
 

Depression is a neurotic disorder and shows various 

mood symptoms like low mood, sleep disturbance, loss 

of appetite, etc. It is a very common illness, with more 

than 264 million people are affected worldwide.
[1]

 In 

2015-16, National Mental Health Survey revealed that 

almost 15% adults in India has mental health issue which 

needs active intervention and as high as one in twenty 

Indians suffers from depression.
[2]

 Over last twenty five 

years, there are growing evidence that in major 

depressive disorder (MDD) there is immune system 

activation with derangement in cytokines and acute 

phase reactant including anti-inflammatory and pro-

inflammatory markers.
[3,4]

 Studies show that there is 

baseline subclinical inflammation in the patients of 

depression, and inflammation may contribute in 

etiopathogenesis of depression.
[5,6]

 Evidence shows that 

levels of proinflammatory markers Interleukin 6 (IL-6) 

and Tumor necrosis Factor α (TNF-α) and acute phase 

reactant C-Reactive Protein (CRP) are largely increased 

in patients of MDD.
[7–9]

 Treatments for depression range 

from psychosocial to pharmacological and stimulatory 

including electroconvulsive therapy, transcranial 

magnetic stimulation and vagus nerve stimulation.
[10]

 In 

pharmacotherapy, commonly used treatment groups are 

Selective Serotonin Reuptake Inhibitors (SSRI), 

Serotonin Norepinephrine Reuptake Inhibitors (SNRI) 

and Tricyclic Antidepressants (TCA).
[10]

 Either 

monotherapy from one of these groups or polytherapy 

from more than one groups is used to treat depression 

based on severity and response to the treatment.
[10]

 

Unfortunately, response to available treatment is highly 

variable. Some patients of depression respond to SSRIs, 

while others to TCAs and some does not respond well. 

Based on clinical examination and history alone, patients 

cannot be classified into various groups in which either 

of the available treatment can be said effective. 

However, there are clinical guidelines for selection of 
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ABSTRACT 
 

Context: Depression is one of the most debilitating illnesses worldwide. As response to available antidepressant 

treatment takes 4-6 weeks to produce significant clinical response, trying various treatments consume long time 

before concluding one effective treatment in many patients. Treatment predicting biomarkers to classify groups of 

patients, can play significantly in monitoring the outcome of their treatment who were given specific class of 

antidepressant. Aims: To find out relationship between baseline level of inflammatory biomarkers (IL-6, TNF-α 

and CRP) and response of selective serotonin reuptake inhibitors (SSRIs). Settings and design: Systematic review 

Methods and material: Literature search on treatment of depression and inflammatory markers was performed in 

PubMed. Through critical appraisal and screening, 17 out of 387 articles were selected. Statistical analysis was 

carried out by RevMan 5. Results: Efficacy of SSRI was analyzed in 14 studies. Statistically highly significant 

reduction in HAM-D score was found after treatment with escitalopram [SMD = 9.06 (95% CI: 5.28, 12.83), Z = 

4.70, P < 0.00001], sertraline [SMD = 11.70 (95% CI: 8.48, 14.91), Z = 7.13, P < 0.00001] and all SSRIs together 

[SMD = 10.32 (95% CI: 8.54, 12.09), Z = 11.38, P < 0.00001]. At initiation of SSRI treatment, low baseline level 

of IL-6 (10 pg/ml), TNF-α (11 pg/ml) and CRP (5 mg/L) were found associated with better clinical outcome in the 

patients of depression. Conclusions: It is evident that SSRIs are effective in treating depression. Low baseline 

level of IL-6, TNF-α and CRP can predict better response by SSRIs, so baseline level of these biomarkers can be 

potentially utilized as treatment deciding biomarkers in depressive patients. 
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drug based on clinical features. All antidepressants are 

almost equally effective, and choice of treatment 

depends on multiple factors including the safety profile 

of the drugs.
[10,11]

 It takes 4-6 weeks to produce 

significant clinical response by any of the currently 

available major antidepressant drug treatments. As 

depression is a heterogenous disorder and diagnosis is 

syndromic, trying various treatments consumes a long 

period of time before concluding one effective treatment 

in many patients. So various treatments are needed to be 

tried over a long period of time till one treatment 

produces significant clinical response in the patient. 

Because of this, patient suffering and morbidity remains 

continuous without significant clinical response over 

months and in many cases for over years. If we can find 

some basis to classify group of patients which can be 

given specific class of antidepressant, patient suffering 

can be significantly ameliorated. It is a need of time to 

discover treatment predicting criteria or markers or 

biomarkers which can be used as treatment decider or 

predictor and so specific treatment can be chosen for 

specific patient. SSRIs are currently one of the most used 

first line treatment due to its favourable side effect 

profile and tolerability.
[10]

 This study was aimed to find 

out a relationship between baseline level of peripheral 

cytokines as biomarker and clinical response of SSRI 

treatment through evidence based medicine. 

 

MATERIALS AND METHODS 
 

This was a systematic review from the published 

research articles. After the approval from institutional 

ethics committee the study was carried out. Methodology 

was adopted from Cochrane’s guidelines for systematic 

reviews described in Cochrane’s Handbook for 

Systematic Reviews of Interventions by the Cochrane 

Collaboration with inputs from the book ―finding what 

works in health care: standards for systematic reviews‖ 

by Institute of Medicine (US) Committee on Standards 

for Systematic Reviews of Comparative Effectiveness 

Research
[12,13]

 

 

Eligibility Criteria: From the online database of 

MEDLINE - PubMed, full text research articles 

published in English language, which shows evidence of 

the effect of SSRIs (escitalopram, sertraline, fluoxetine, 

and paroxetine) on serum levels of CRP and/or IL-6 

and/or TNF-α in depressive patients of either sex with 

age above 18 years with newly diagnosed and/or who 

were off treatment for at least 5 half-lives or 3 months 

were included. Studies published in languages other than 

English, with closed or paid access to data except articles 

available through ScienceDirect were excluded. Studies 

with data of patients who were already on psychotropic 

treatment, data on effect of anti-depressant drugs other 

than escitalopram, sertraline, fluoxetine, and paroxetine 

were also excluded. 

 

Research studies were searched on PubMed using the 

following search strategy: (SSRI OR Selective Serotonin 

Reuptake Inhibitor OR Escitalopram OR Fluoxetine OR 

Sertraline OR Paroxetine OR Fluvoxamine OR 

Citalopram) AND (CRP OR C-Reactive Protein OR C 

Reactive Protein OR IL6 OR IL-6 OR Interleukin 6 OR 

Interleukin-6 OR TNF-α OR TNF α OR TNF-alpha OR 

TNF alpha OR Tumor necrosis factor α OR tumor 

necrosis factor alpha) AND (Depression OR Major 

Depression OR Major Depressive Disorder). As per the 

inclusion and exclusion criteria, studies were selected to 

be included in final analysis (Figure 1). Followed by that, 

studies were critically reviewed and data like 

demographic details, details of SSRI treatment, details of 

baseline biomarkers, pre- and post-treatment scores of 

various depression rating scales like Montgomery–

Åsberg Depression Rating Scale (MADRS), Hamilton 

Depression Rating Scale (HAM-D), Beck Depression 

Inventory (BDI), etc.
14–16

 were extracted in excel sheet 

from the included studies.  

 

 
Figure 1: Flowchart of literature search according to inclusion and exclusion criteria. 

 

Statistical Analysis: Data synthesis and evaluation were 

done through Review Manager (RevMan) 5 software.
[17]

 

As different cytokine assays have different sensitivity; 

comparisons were only made within each study. Most of 
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the extracted values were in the form of mean ± standard 

deviation (Mean ± SD), some data were in median ± 

interquartile range (Median ± IQR). Median ± IQR data 

were converted into Mean ± SD.
 
Standardized mean 

difference (SMD) was chosen as the summary statistic 

for meta-analysis and pooled using the generic inverse 

variance method in RevMan 5. A random effects model 

was chosen because included studies were heterogenous 

with many variations in data. P <0.05 and <0.001 were 

considered as statistically significant and highly 

significant respectively. In RevMan 5 with use of funnel 

plot publication bias was assessed by plotting the effect 

size against sample size for each study data. From the 

forest plot of SMD of individual studies, heterogeneity in 

changes was assessed visually. In RevMan 5 software, 

statistical estimates of heterogeneity were assessed using 

the I
2 

heterogeneity statistic. To find out baseline level of 

all three cytokines mean of all means ± SD of pre-

treatment values of all biomarkers was calculated for all 

IL-6 group, all TNF-α group and all CRP group of 

studies separately. Followed by that mean change in 

HAM-D was calculated using RevMan in each 

biomarker group. Then, baseline level of cytokines was 

compared with mean change in HAM-D score. 

 

RESULTS 
 

A. Demographic details of included studies: 
Seventeen studies

[8,18–33]
 were included in this systematic 

review. From which data of total 843 participants were 

extracted. Sample size was ranged from minimum 14 to 

maximum 104. The age range of patients included in 

these studies was between 18 years and 75 years. Out of 

843 participants, 252 were males while 591 were 

females. Ten out of 17 were Randomized Clinical Trials 

(RCTs) while rest were non-RCTs. 

 

B. Efficacy of treatment with SSRI based on 

changes in HAM-D Rating Scale: HAM-D is a rating 

scale used to check the change in the depressive 

symptoms in a patient of MDD and so can be used to 

check the efficacy of the treatment. Six and five of the 

included studies had measured the effect of escitalopram 

and sertraline treatment respectively. With the use of the 

random-effects model, there was statistically highly 

significant reduction in HAM-D score observed after 

treatment with escitalopram and sertraline. 

[Escitalopram: SMD = 9.06 (95% CI: 5.28, 12.83), Z = 

4.70, P < 0.00001; Sertraline: SMD = 11.70 (95% CI: 

8.48, 14.91), Z = 7.13, P < 0.00001]. There was 

substantial heterogeneity between the studies found. 

[Escitalopram: τ
2
 = 28.93, χ

2
 = 341.90, df = 7, p < 

0.00001, I
2
 = 98%; Sertraline: τ

2
 = 9.18, χ

2
 = 26.94, df 

=3, p < 0.00001, I
2
 = 89%] (Figure: 2, 3, 5). Out of 

seventeen, fourteen studies have measured the effect of 

SSRIs through various depression rating scales. With the 

use of the random-effects model, there was statistically 

highly significant reduction in HAM-D score observed 

after treatment with various SSRIs. [SMD = 10.32 (95% 

CI: 8.54, 12.09), Z = 11.38, P < 0.00001]. There was 

substantial heterogeneity between the studies found. [τ
2
 = 

13.90, χ
2
 = 497.80, df = 17, p < 0.00001, I

2
 = 97%] 

(Figure: 4, 5). 

 

 
Figure 2: HAM-D score changes after treatment with Escitalopram. 

[With the use of the random-effects model, after treatment with escitalopram, statistically highly significant reduction 

in HAM-D score (P < 0.00001) was observed.] 

 

 
Figure 3: HAM-D score changes after treatment with Sertraline. 

[With the use of the random-effects model, after treatment with sertraline, statistically highly significant reduction in 

HAM-D score (P < 0.00001) was observed.] 
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Figure 4: HAM-D score changes after treatment with SSRIs. 

[With the use of the random-effects model, after treatment with SSRIs – escitalopram, sertraline, fluoxetine and 

paroxetine, statistically highly significant reduction in HAM-D score (P < 0.00001) was observed.] 

 

 
Figure 5: Funnel plots of HAM-D score changes after treatment with Escitalopram (a), Sertraline (b) and all 

SSRI (c). 

 

(A plot of effect estimate in form of standard mean difference against its standard error for a single outcome) 

(Funnel plots of HAM-D score changes after treatment with escitalopram, sertraline and all SSRI were visually 

asymmetric.) 

 

C. Baseline level of inflammatory biomarkers and 

efficacy of SSRI treatment:  

In this evidence based analysis, baseline values of IL-6, 

TNF-α and CRP were extracted from included 17 studies 

and were compared with change in HAM-D scores in 

patients of depression. Changes in the IL-6, TNF-α and 

CRP were studied in ten, seven and five of the seventeen 

included studies respectively (Table 1). 
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Table 1: SSRIs, Biomarkers and HAM-D. 
 

Study 

name 

Biomarker 

assessed 

Antidepressant 

used 

Dose 

(mg/day) 

Duration of 

treatment 
Baseline level of biomarker 

     IL-6 (pg/ml) TNF-α (pg/ml) CRP (mg/L) 

Brunoni 

2018 
IL-6 Escitalopram 10 10 3.5 ± 2.30 - - 

Brunoni 

2014 
IL-6, TNF-α Sertraline 50 6 1.74 ± 0.07 0.25 ± 0.09 - 

Rawdin 

2013 
IL-6 Sertraline 50-200 8 0.96 ± 0.84 - - 

Lavretsky 

2011 
CRP Escitalopram 10-20 10 - - 2.6 ± 2.3 

Zhou 2022 CRP Escitalopram 10 12 - - 0.54 ± 0.29 

Sutcigil 

2007 
TNF-α Sertraline 50-100 8 - 77.68 ± 16.21 - 

Mao 2022 CRP, IL-6 SSRI - 6 28.99 ± 5.51 - 2.92 ± 2.51 

Liu 2015 IL-6 SSRI - 6 6.9 ± 0.8 - - 

Abdallah 

2020 

CRP, IL-6, 

TNF-α 
Fluoxetine 20 12 9.2 ± 1.28 10.22 ± 1.42 5.08 ± 0.71 

Abdallah 

2021 
TNF-α Escitalopram 20 6 - 11.12 ± 3.42 - 

Simon 

2021 
TNF-α Sertraline - 6 - 0.78 ± 0.6 - 

Chavda 

2011 
CRP 

Escitalopram 20 8 - - 4.04 ± 2.59 

Fluoxetine 20 8 - - 4.04 ± 2.60 

Abbasi 

2012 
IL-6 Sertraline 200 6 2.78 ± 0.72 - - 

Jazayeri 

2009 
IL-6 Fluoxetine 20 8 2.12 ± 2.34 - - 

Dong 

2021 

(Res) 

IL-6 Paroxetine 10-40 8 7.87 ± 2.62 - - 

Dong 

2021 

(Non-Res) 

IL-6 Paroxetine 10-40 8 9.95 ± 2.65 - - 

Eller 2008 

(Res) 
TNF-α Escitalopram 10-20 12 - 5.70 ± 1.55 - 

Eller 2008 

(Non-Res) 
TNF-α Escitalopram 10-20 12 - 6.38 ± 2.02 - 

Chen 2018 IL-6, TNF-α Paroxetine 10-40 8 7.15 ± 7.49 15.95 ± 15.43 - 

 

In case of IL-6, the baseline value was varying between 

0.96 pg/ml to 28.99 pg/ml. If one study, Mao et al., 2022 

with significantly higher level of IL-6 - 28.99 pg/ml 

compared to other studies was excluded from the 

analysis, the varying range becomes 0.96 pg/ml to 10.24 

pg/ml. The mean baseline level of IL-6 of means of all 

included studies with IL-6 was 7.6 ± 2.54 pg/ml. In case 

of TNF-α, the baseline value was varying between 0.25 

pg/ml to 77.68 pg/ml. If one study with higher range of 

77.68 pg/ml of TNF-α is excluded from analysis the 

varying range becomes 0.25 pg/ml to 15.95 pg/ml. The 

mean baseline TNF-α of means of all included studies 

which has analyzed TNF-α was 14.26 ± 5.09 pg/ml. In 

case of CRP, the baseline value was varying between 

0.54 mg/L to 5.08 mg/L. The mean baseline CRP of 

means of all included studies which has analyzed CRP 

was 3.20 ± 1.83 mg/L. 

 

Pre- and post-treatment HAM-D data was available in 

seven studies in which IL-6 was studied, and five studies 

each in which TNF-α and CRP were studied. With the 

use of the random-effect model, there was statistically 

highly significant reduction in HAM-D score observed in 

all IL-6 group, TNF-α group and CRP group of studies. 

[IL-6 group: SMD = 10.97 (95% CI: 9.46, 12.47), Z = 

14.29, P < 0.00001; TNF-α group: SMD = 12.50 (95% 

CI: 9.43, 15.58), Z = 7.97, P < 0.00001; CRP group: 

SMD = 8.08 (95% CI: 4.36, 11.80), Z = 4.25, P < 

0.0001] There was substantial heterogeneity between the 

studies found. [IL-6 group: τ
2
 = 4.63, χ

2
 = 102.91, df = 8, 

p < 0.00001, I
2
 = 92%; TNF-α group: τ

2
 = 13.83, χ

2
 = 

169.67, df = 5, p < 0.00001, I
2
 = 97%; CRP group: τ

2
 = 

20.89, χ
2
 = 207.52, df = 5, p < 0.00001, I

2
 = 98%] 

(Figure 6, 7, 8, 9). 
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Overall, based on above analysis, low levels of IL-6 (< 

10 pg/ml), TNF-α (< 11 pg/ml) and CRP (<5 mg/L) at 

baseline in patients of depression were found associated 

with favourable SSRI treatment response and 

improvement in the clinical disease.  

 

 
Figure 6: HAM-D score changes after treatment with SSRI in all the studies in which change in IL-6 was tested. 

 

[With the use of the random-effects model, statistically highly significant reduction in HAM-D score (p < 0.00001) was 

observed when pre- and post-treatment HAM-D score was analyzed together in all the studies where change in IL-6 

was tested.] 

 

 
Figure 7: HAM-D score changes after treatment with SSRI in all the studies in which change in TNF-α was 

tested. 

 

[With the use of the random-effects model, statistically highly significant reduction in HAM-D score (p < 0.00001) was 

observed when pre- and post-treatment HAM-D score was analyzed together in all the studies where change in TNF-α 

was tested.] 

 

 
Figure 8: HAM-D score changes after treatment with SSRI in all the studies in which change in CRP was tested. 

 

[With the use of the random-effects model, statistically highly significant reduction in HAM-D score (p < 0.0001) was 

observed when pre- and post-treatment HAM-D score was analyzed together in all the studies where change in CRP 

was tested.] 
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Figure 9:  Funnel plot of HAM-D score changes after treatment with SSRI in all the studies in which change in 

IL-6 (a), TNF-α (b) and CRP (c) was tested. 

(A plot of effect estimate in form of standard mean difference against its standard error for a single outcome) 

(Funnel plots of HAM-D score changes after treatment with SSRI in all the studies in which change in IL-6, TNF-α and 

CRP is tested are visually asymmetric.) 

 

DISCUSSION 
 

Since approval of fluoxetine in 1987 till date, various 

SSRIs like citalopram, escitalopram, sertraline, 

paroxetine, fluvoxamine and fluoxetine itself are used as 

the mainstay and first line therapy in the patients of 

depression.
[34]

 The efficacy of the SSRIs is almost 

comparable to the efficacy of TCAs, but the SSRIs have 

significantly less side effects, toxic effects and better 

tolerability compared to TCAs.
[35]

 A systematic review 

and a guide to selection of SSRI done by Edwards et al., 

years back in 1999 showed that fewer patients who were 

taking SSRIs had discontinued therapy compared to 

TCAs which is still relevant while selecting treatment of 

depression in 2022.
[36]

. Also, TCAs have low therapeutic 

index and can produce cardiac conduction abnormalities, 

seizures, etc. with overdose while these effects are 

unlikely with the use of SSRIs.
37

 Due to all these reasons 

SSRIs are preferred in clinical practice over TCAs. We 

reanalysed this fact in our study with reference to 

literatures included as evidence. The efficacy of 

escitalopram and sertraline individually and all four 

included SSRIs together based on the changes in the 

HAM-D scores. HAM-D scale was developed by 

Hamilton M in 1960, afterward various modifications in 

the scale were done and is currently used in various 

research to analyse efficacy of antidepressant therapy.
[15]

 

In our study, we also analyzed efficacy of SSRI in the 

pooled data of 17 studies with this widely used HAM-D 

scale. The results showed that with treatment of 

escitalopram, sertraline and all four included SSRIs 

together for duration of 3 ffweeks to 12 weeks, HAM-D 

score reduces significantly which depicts well known 

fact that all SSRIs are efficacious in patients of major 

depressive disorder.  

 

The results also suggested that low baseline blood levels 

of all three cytokines – IL-6, TNF-α and CRP before the 

beginning of therapy in patients of depression was 

associated with good and favourable clinical outcome 

with significant reduction in HAM-D score. 

 

Similar to what we have found, in systematic review 

done by Arteaga-Henríquez et al., 2019 and another 

study by Yoshimura et al., 2009 showed that low 

baseline levels of proinflammatory cytokines like IL-6 

was associated with better response to serotonergic 

antidepressant treatment while higher level was 

associated with poor treatment response.
[38,39]

 

Contradictory to our results one meta-analysis conducted 

by Strawbridge et al., in 2015 showed no association 

between baseline level of IL-6 and treatment response 

when treated with antidepressant medications.
[40] 

 

A systematic review by Strawbridge et al., 2015 which 

included 35 studies to analyse relationship between 

cytokines and antidepressant treatment response, and 

immunomodulatory effect of the treatment showed that 

high baseline TNF-α levels was associated with poor 

treatment response and there was no significant change 

in the level of TNF-α in these resistant patients after 

treatment while responders showed low baseline 

cytokine level.
[40]

 Contradictory to our findings, study by 

Yoshimura et al., in 2009 showed that there was no 

difference in baseline TNF-α levels in patients with poor 

treatment outcome and in patients with better 

outcome.
[39] 

 

Similar to result of our evidence based study, one meta-

analysis and systematic review by Arteaga-Henríquez et 

al., published in 2019 showed that baseline low level of 

pro-inflammatory marker CRP is associated with better 

treatment response with serotonergic antidepressant 

drugs like SSRI.
[38]

 Similar type of association between 

CRP and treatment efficacy was found in studies done by 

by Uher et al., in 2014, Jha et al., in 2017 and 2019, and 

Zhang et al., in 2019.
[41–44]

 Contradictory to our result, 

meta-analysis by Strawbridge et al., published in 2015 

showed that there was no association between baseline 

CRP level and subsequent successful clinical response to 

antidepressant drug therapy.
[40]
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CONCLUSION 
 

Based on above analysis, it is evident that SSRIs are 

effective in treating major depressive disorder. It can be 

established that low baseline level of IL-6, TNF-α and 

CRP will predict better response by SSRIs and so, 

baseline level of these biomarkers can be potentially 

utilized as treatment deciding biomarkers in the patients 

of major depressive disorder. 
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